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A STUDY OF TEE EFFECTS OF VERTICAL Tall AREB4 AND DIHEDRAL

OF THE LATERAL MANEUVERABILITY OF AN AIRPLAKE

By Leo ¥. Fehlner

SUMMARY

A theoretical investigation has been made of the in-
fluence of changes in vertical tail area and dihedral
angle on the lateral flying characteristics of an air-
plane. The lateral motions were computed for nine differ-
ent combinations of vertical tail area and dihedral, cov-
ering the range ox' parameters used 1n the. design of typi~-
cal airplanes. The motions were initiated by aileron angd
rudder controls, and. consideration was given to various
amovunts of yawing moment accompanying aileron control.

Aileron control was shown to produce better lateral
mansuveriag than rudder control. With aileron control,
improvements were accomplished by increases 1n vertical
tail area and decreases in dihedral, The rudder was
effective for enferecing sideslip and supplementing the
ailerons,

The possibility is advanaed that favorable lateral
flying caarascteristics are associated with very short-
period lateral oscillations.

IFTRODUCTION

In the design of airplanes, several criterions have
been suggested and used for the choice of aerodynamic
derivatives to obtain favorable flying characteristicse
The results of complying with different existing criterim~
ons for lateral chnracteristics, however, are at variance
as evidenced by the number of airplanes that show widely
different lateral Plying characteristics. The present
paper is an endeavor to establish a comprehensive basis
for the choice of latseral aerodynamic derivatives,



Lateral f£flying qualities are kaoown to be Largely de-
pendent on vertical teil area and dihedral angle but, for
making predictiorns, the nature and the magnitude of the
effects of specific changes remain to be considered. Con-
sideration must also Le given to the lateral eontsols be-
cause desirable gualities are, in part at least, dependent
on tho availaple control and the s%ill with which i% must
be applied.

In the present study, therefore, the effects of def-
inite eaanges in vertical tail area and dikedral on the
lateral maneuveravility of an airplane are investigated;
computat ions are made of the banking, the azimuth, and
tne sideslirping motions for a hypsthetical airplane with
three different amounts of vertical tail area and three
settings of dihedral angie. The motions were initiated
by rudder contrcl alone and by aileron control witia var-
iouns supplemeatary yawiag moments.

The results nave been analyzed on the basis of the
attainment of optimum lateral flying characteristics witlh
a nminimurm of affort. Witk aileron control, for instance,,
ootimum attributes of tie aotions are a linear variation
of angle of bauk of as large g magnitude as 1s feasgible
witn a given amount of control, tne elimiration of adverse
hending, and a winipur of sideslin. The contrecl moment
reyuired to obtain a given angular displacement in a given
time was takes as a measure of control fcrcs. The data
are presented in a form that should be of aid in making
gaalitative estimates of the lateral flwying characteris-
tics of conventional airplanes.

METEQD

The analysis of the effect of fin area and dihedral
on the mansuverability of an airplane was made by a com~
parative study of *he lateral motions resulting from the
use of the ailerons and the rudder.

The lateral motions of the airplane may be obtained
as solations to the lateral equations of motion. These
equatioas contain terns that are dependent on the param-
eters: fin area and dihedral. Changes 1n the parameters
effect associated changes 1n the lateral motions. Kotions
fur every combination of these parameters may therefore
be determined. ——
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The ‘dimensional equations of lateral notion are es-

sentially identical with those unsed in the past angd their

development may be obtained from reference 1. Theiequa-
tfons are as follows: :

y 2 4p

i B

it
el

r

0
oo

T ,
- pN? - ﬁﬁﬁ - X

!

N > (1)

8
e
8]
o
L

nv $E . mef - Y+ reV = Y
at

where the symbols arse standard as listed on the covers of
NiCa reports. In addition
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In order conveniently to use aerodynamic data in
standard nondimensional form and simultaneously to main-
tain the original physical significance of the equations,
a consistent nondimensional gystem was used.

The fundasmental unitg of the nondimensional system
may be taken to be

® unit of length

b,V unii of time

P .
> wa unit of mass

If length, time, and mzss are expressed in terms of the

proper units, there will result nondimensional quantities
as followss
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and if tiae prover substitutions are made according So
eguations {2), tle norndisensional eguations of lateral
moticon ars
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The terms of the right-haad side of eguations (3)
represent disturbances applied to tas syster and may he
fuanctions of time or, mondimensionally, fuanctions of the
distance travelew, The tyvire of disturbance assumed for
all cages in tais st™dy is one that is applied at the
teginring of tas wotior and held constant theresfter.
Suca Gisturbances are reoresen.ed by C1lls) and 2,1(s),

where the coefficieats o and Cp reprecsent the magni-

tude ¢f the apolied couples. Recause it can be shown

that the resultg odvtained, if tre rudder is assumed to ap-
ply a rure noment, are aliered by a oultiplying factor of
tne order of O,¢¢7 or 1.005 wie. Ov 1is taken nto ac-
conut, v may Dbe assumed to be zero.

<

Tguations %) can now be solved for the wvariabdbles §,
g, a»d ¥ and the scluticps as functions of s are the
taunsgirg, sidesliprpicg, ana azimvth motions, respeciively.
T:e uvnit solntions are odtainsd by the methods of opera-
tional calculus in a manaer ginmilar to that ontlined in
reference 2 and the golutions are of the form

Ay s Ay s
A+ B(s) + C e + B e . ..

The solutions fur w can also be written

¢ = GZ¢1 + Cngﬁﬁ (4)

where tae Panking motion ¢1 is due to a unit rolling
disturbance, ¢, |s due to_a unit yawing disturbance, and

¢ is the banking motion resulting from any combination of
magnitudes of the two disturbances,

Likewisge,

Vo= 0y Yy + Oy Wy (5)

-,



and

p = CL ﬁl + Cn Bn (6)

Equations (4), (B), and {6) express in general terms
tke solufions to the lateral equatiouns of motior, For
convenience, however, each solntion may be rewritten in
variovs forms to demonstrate more clearly certain paints.
Eguation (4), for instance, may be written

4 Cpn
C".,;'"’ ¢7,+ 5‘%@3 (7)

£ : - . o P
wihsre @/Cl is tne motior associated with the app ication

of a veit roliirg mouwent and sirultaneously a yawing mo-
ment ia the ~atio Cr/cl‘

Similarly,

_q; = 1 Je 913 f {
Z u?} ! C.L Vn \8)
and
& . Cn
gz = fq + 37 Bn (9)

Up to ta's point, only motions have been considered
tast neve been initiated by predetermined disturbances.
It g also possible to study disturbances necessary to
perform predstermi.ed motions.

Thus, tie motion to be predetermined may be that mo-

tion which results ir the angle 0O bank at the end of
toe interval s,. Suecn a motion is referred to as a

"maneuvsr® and will be labeled ﬁso. Because @7 and

#n are znown functions of s, their values at %ae end of
the interval s, wnay be determined and called ¢ls and
0

¢n , respectively. Then, in order to study control di~-

e

rectly, the reciprocal of egquation (7) mag bejfy n and at

the instant So e :
a copY
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= o
¢so ¢Lso + E;¢nso

Trhus, for any given meneuver and type of control, the ef-
fect of cherging vertical tail area and dAitedral on the
ragnitude of° the necessary control nay be determined.

A consideration of optimum conditions for controlled
motionsg irdica*ed that the remction to control in aay case
should be in sirict accordance wita the iuntended reactioa.
With resmect to the szimath motion, any change in heading
opposite to that intended is unudesirable and such. a reac-
tion will De termed "edverge.!

In order *o gtndy t.e elimination of an adverse head~
ing, coaslder the aypothnetical case in which particular
coatrol aprlications yrevent ary caangs of heading. Then,
equation (&) mas De written

CL Yy + Oy Yp = O,

o7
~ \Ef
o= . xl (11)
cl o

Thaue the variation of Gn/gl required to prevent a change
of neading is determined as _a function of 8. The func-

. hait] . .. .

tion & (s), for t.ie cases considered, has positive maxi~
1

mam values wuich indicate that the resulting pheading will

alwvays be favorable and not advers= if control 1s applied
initially in the ratio Cn/cl egqual to or greater than

that maximum determined by tie function,

In order to determine the lateral motions following
avplied yvyawing moment alone, equation (4) becomes

g = Cn ¢n



or

_r‘é_ = ﬁﬂ (12)

Ir like manver, from sauation (5)

Yooy (13)
Cn
and from eyuetion {6)
o
C'"'” = ﬁn (14)

£85JUED AIRPLANE CHARsCTERISTICS

In order to obta‘n solutions for %, B, and ¥ that
can be pletted for analytic purposes, numericas values of
the stabiiity deiivatives ard other airplane characteris-~
tics wust be determired. A4 pursuit-type airplane mas as-
sumed and the weight distribution was takxen as the average
of 19 rodern pursuit asirplanes. Although of conventional
degign and gensral dimensicrs, the airplane in detail was
assumed to be characterized cinilefly by i%ts set of aero-
dynamic derivatives.

Fertinent numerical data are as follows: the span
1s assumed to be 32 feet, the aspect ratio, 8; the taper
ratio, 2:1; and the swesp angle, 0". The lift coefficient
Guring flight is assnmed to be 1. Beferences 3, 4, and 5
were used for determining representative values of the
stability derivatives, Those derivatives, which are
usually considered sssentially incepvendent of changes in
fin area and dihedral, are as follows:

C = "005

'p
Clr = 0.344
C = ~0.0644

np UYL S
Reproduced from ‘%
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The prircinal effect of varying éihedral is to change the
amount of rolling momert due to sidesiip. Thus

', deg 01@
0 8

5 - .07

19 - L&

where I' 1is tne effective dihedral angle.

Ohznges in fin area influence the values of certain
stabiliity derivatives, rame.y, Yawing momsent and side
force due to sideslip, and yawing moment duec to yswinge.

ALl obtier effects are considered small. Thus
<
~f c. ¢ C.
5. ﬂ@ Y§ D4
0.04 0 ~0,196 -0,101
.08 .04 o2 B4 -,15]
ulo .12 "'0400 "02459

It should be noted that a vertical tail area of 4 percent
of the wing erea i1s required to balance tae unstable yaw-
ing moment of the faselage.

In ail, nine combinations of the parameters I' and
Sf/SW, identified as cases by the numbers 1 to 9 1n

the following table, mere considered:



LO

< ;

§§>‘P<ueg) 0 5 10
SW \\m\\

0 04 1 4 7

.06 2 5 8

.10 | 3 6 9

Gtner factors tnat enter ~-,-lo the numerical computa-
tfons are

w = 12.5
Ex = 0.107

It is also necessary to determine the magnitude of the
ratios Gn/CL to be considered, Wormal ailerons, when so

deflected as_ to produce g rositive rolling moment, produce
also a negative (adverse) yawing moment. The ratio of yaw-
ing moment to rolling moment for plain flap, 40-percent—
span ailerons (2ssumed for the hypothetical. airplane) is
~0.135 (reference 6). Although larger negative values of
this ratio may exist with certain aileron installations,
the value -0,135 has been used as a representative value.
It was expected that eliminating the adverse yawing moment
and., possibly, applying fazvorable yawing moment would re-
sult 1in more .Favorable lateral motions. The ratios O and
0.125 were therefore considered. For the small fin of the
hypothetical airplare, approximately a 10° rudder deflec-
tion is reguired aith full aileron deflection to counteract
the adverse yaw of the ailerons and, in addition, to pro-
duce a favorable yawing moment corresponding to the ratio
0.135.,

Because all the numerical factors involved are non-~
dimensional, the results are directly applicable to all
airplanes geometrically similar to tbe type assumed for
the numerical computations.
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RESULTS AND DISCUSSION
iateral Motions DTue to Applied Rolling Moment with

Different amounts of Accompanying Pawing Moment

“he effects of cnanges i1n dikhed~al angle and fin area
cen be determined by comparative studies of the motions
identified by the nine cases given ia the preceding table.
attributes that enter such comparisons are as follows:

The banking wotiorn determines tne angle of bank attainable
in a given irterval of time. The azimuvth notion defer~
mines the magpituce and tne duration of the adverse nead-
irg, and the sideslipring motioan deternines the angle of
sideslip at any instant. It 1s considered desi-able to
sttain as large a positive angle of bank ag is feasible
with a given positive control moment, to have the banking
motion ag mearly linear with time as possible, to prevent
acy initial adverse heading and ob%tain g subseguent
linear variation of tLeading afte» an interval of the order
cf 1 or 2 seconds, and to xesp ire aagle of sideslip at a
minimum, A1l the foregoing attridutes must be considered
in determining any pertinent optimum cendition.

o basig for analyziag the various motions having been
establiched, consideration must te given tre type of con-
trol spxlication tha*t initiates the motion. It 1s possi-
ble to consider motions initiated by rolling moment, yaw—
ing moment, or both of these moments in any combination.
Sucn arplications of roments are considered obtainable by
defrections of the ailerons, tane rudder, or both,

The curves of figure 1 represent tne banking motions
#/Cy as defined by equation (7) for the nine combinations

of parameters and tae three values of the ratio Cpn/C1e

The banking motions following a deflection of the as-
sumed ailerons, that is, motions following moments applied
in tae ratio Cn/cl = -0.135, are shown in figure 1(a).

This figure indicates that, for prolonged banking maneuvers
and for each valve of dihedral, increases in vertical tail
area produce motions which vary more lineally with time and
are of greater magnitade. Thfs variation is due to the
fact that the angle of sideslip at each ingtant i1s simul-
taneously reduced and therefore the magnitude of the re-
storing rolling moment due to sideslip 10 also reduced,
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The effects of changes in vertical tail area become less
importent as the vertical tail erea increases. At the
start of the motion, however, cianges in vertical tail

area have no appreciable effect for all tile values of
diaedral considered. The l-second timing test for aileron
effectiveness is therefore of some advantage. The dihedral
argle, nowever, must be taken into account if comparisons
of the ailerons of diffevent airplanes are to be made,

The curves of figure 2(a) are determired by eguation
(10) and are reciprocals of thne cross plots of figure 1{a)

at the iastants of 1,2, 4, and 10 seconds, identified as
©1s s Py and T, .. Tae cross plots at 1 second, i1denti-

fied as @,, siow again that vertical tail area in the
range covered ras but 1little effect in an interval of the
order of 1 secord., After longer iatervals, aowever, the
ffect of inereasing vesrtical tail area is pronounced and
advantageovs., TFor irst Lace, when Sf/SW = 0.08, less
control is needed to attain a given angle of 'Dank In 2
seconds than wuen 8¢/8, = 0.04, This effect is more pro-

novneced for longer maneavers and for increased values of
dihedral. Because the control stick forces are directly
proportioral 'to tue magnitude of tne applied control mo-
ments, 1t is evident from figure 2{(s) that increasing ver-—
tical tail area effects a corresponding decrease in stick
forces.

Ceaanges in vortical tail area 1n the range covered
also have large effects on the azimuth motion, as shown
by figure 3fa)., (The curves of fig. 3 are determined by
equation (8).) Tne motions for Sf/SW = 0,04, for in-
stance, are negative for *he duration of the motion. an
increase in £¢/Sy to 0.06 causes the motion to become

positive after a relatively long interval of time. Further
increases in Sp/SW reduce this interval and decrease the

magnitude of the adverse heading. This initial adverse
heading cannot Le totally eliminated, aowever, by any
finite value of 8¢/S,, as 1s shown by figure 4(a). Fig-
ure 4(a) is a cross plot of the maximum adverse headings
of figure 3,

Tne main effect of increasing vertical tail area on
the sideslipping motion is to decrease the rate at which
sideslip increases. This effect is evident from figure
5(a). The magnitude of the angle of sideslip may there-
fore be kept small, for any maneuver of the duration con-
sidered by increasing vertical tail area.
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The principal effects of changes of vertical tail
area may be suamerized as follows: increases in area cause
more linear banking motions, redirce the aileron control
forces (or as a correlate, increase aileron effectiveness),
decrease tae magnitv.de and the duration of adverse heading,
and retard the ircrease of sideslip, A coungideration of
all three lzteral motions, ¢, V¥, aad B, thus indicates
that desiraole flilying gualities are associated with appre~
ciable vertical tail gsizes, as long as the airplane is con-
trolled predominentl;, by the ailerons.

The effects of changes 1n dihedral angle have yet to
be determined. Figure 1{a) indicates that the dihedral
effect oonposes the bauking motion resviting from aileron
control. 1n eaca case. Tinis opnosing action ‘is dependent
upoa the mag,nit:.de of tiae sideslip so that, for banking
motions during which sideslip 1s not alleviated by vertical
tail area, the opposition to the tanlting maneuver is very
large. In addition, the combination of aany avppreciable di-
hedral and large angles of sideslip associated vith small
vertical tail areas causes the lateral oscillation to be-
come a very large perceatage of tre total wotion; that is,
the oscillatory rode of tane banking =otion becomes very
large nitn reszect to tas zyeriodic modes. Although for
sucn cases & consideratisn of the damping and the period
of tne lateral oscivlation may indicate desirable motions,
the motions are actually very erratic (for example, cases
4 and 7, fig, 1(a)).

Because tae banking motion is diminished by the di-
hedral effect, it i1is apparent that increases in dihedral
increase the aileron forces necessary to perform a gfven
maneuver, &s indicated in figure 2(a). It i3 also shown
that, for the smaller values of vertical. tail area, the
initial control moment required to verform certain maneu-
vers becomes very large. The indication that the neces-
sary control application becomes infinite at certain val—
ues of Sf/SW will Yve considered later.

The effects of dihedral on the banking motion having
been discussed, tke azimuth motion 1s to be considered.
Figure 3{a) indicates tnat the agzimuth is not greatly af-
fected by dihedral, When sf/sw = 0.04 (cases 1, 4,

and 7), the e“fect of dihedral is to prevent the heading
from continucasly increasing adversely. The heading, how-
ever, merely asymptotes a negative azimuth for increased
values of dihedral, and this resulting motion cannot be
said to be favorable. For all other cases the effect of
dihedral is insignificant.
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With regard to sideslipping, an inspection of figure
5(a) indicates that increasing dihedral retards the rate of
increase of sideslip. This effect is large for small values
of vertical tail area. It ig important to note, howsver, that
increases in dilhedral prevent siduslip only a. the expenss of
opposing the banking motion. For a given meneuver, performed by
increased aileron control, the siisglip is not reduced by increascs
in dihedral, as indicated by figure 5(a).

Onh the whole, the motions as initiated by ailcron
control indicate that the effective dirsdral should be as small
as will be vermitted by other criwerions For case8 in
which tne dihedral cannot bo made small, increasing vertical
tail areca makes poggible comparabls motions at the expense,
however, of increased control forces associated with large
dinedral angles

In ths foregoing discussion, only the notions initiated
by conventional ailleron control have been considered Witl such
control, an adverse yowing momen.u 1s applied. The elimuination
of this adverse yawing moment presents a posgible method > im-
proving the restlting motlons. The following discussion therefore
concerng changes brought about by progressive changes in the ratio
onie from -0 135 to ©0.13%5 Such ratios are also represcnta-
tivelof those obtainstle by simulteneous deflecticns of both the
ailerons and -1 rudler

FPoeurs 1 illustrates the improvements in the banking notions
effected by increases in C,/C;. The motions become more nearly
linear and of greater magnitude. Tho improverent is greatest for
the smaller values of vertical tail area considered. For instance,
when Cp/C; = -0.135 (fig. 1(a)), case U demonstrates that it is
impossible Io have the airplane in a banked attitude when
s = 8.25 (2.34 see) by means of control of the type agsumed. This
same impossibility is denonstrated by figurc 2(a), which indicates
infinite ccntrol moments. Furthermore, the angle of bank after
2.34 seconds 1s nogative although 1t 1s caused by positive control.
An increase in Cp/C; to O (fig. 1(b)) extonds the time interval

during which the bank 1s positive. A further increase in Cn/C'L

to 0.135 entively prevents any such erratic banking notion
(case 4, fig. 1(c)). Case 7 is similarly affected.

Re roduced from %
begt available copy
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The foregoirg discussion of cases 4 and 7 (fiz,., 1)
volves only %hemotions resulting from control avplied
gtantaneousl, at the start of the metion and held con-
ant thereafter. By varying correctly the ratio or magni-
de of the applied control moments or both over a period
of %time, any maneuver can be performed. Xf the response
to & unit control apylication ig erratic, however, any
variable cortrol so compourded of units over a period. of
time as to result in any predetermined motion is corres-—
pondingly erratic. Recause of the unpredictable nature
of the response to control for such cases and because of
the iimits imposed by tae pilot's skill, the ability to
rerform the reguired control maripulation for any maneu-
ver is tnerefore questionable. This statement is trve for
the nonlinear inkerent motions of cases 4 end 7 where the
response to control applicatiorn does mnot appear to be pro-
portional to control deflections. airplanes having such
inherent late.sal motions are there“ore to be avoided.

n
n
%
v
u

b W pete e

It was noticed during the computations of the various
motions tnat erratic motions occur when the oscillatory
mode becomes & large percentage of the total motion, where
the total motion is the summation of its periodic and
aperiodic modes. The amplitude of the oscillatory mode
associated with small values of Sf/SW is very large rela-
tive to the areriodic modes. Increases 1n B8g/S,; decrease

the amplitu.de of the oscillatory mode and increase the
magnitude of the apgriodic mode, This effect is large for
small values of §:/8; and decreases as Sf/sW increases.

Simultaneously witn decreases in amplitude, tho period of
the oscillation decreases and the damping with respect to
time increases. The damping with respect to cycles, how-
ever, decreases.

Damping in terms of cycles of the lateral oscillation
cannot be considered indicative of the lateral flying char-
acteristics. Recause 1t i1s the total lateral motion that
denonstrates flying qualities and because the total- motion
is the summation of modes both pericdic and aperiodic 1n
nature, the ratio of the magnitudes of the periodic and
the aperiodic modes must be kept small for favorable fly-
ing characteristics, This relation is aceomplished when
the period of the lateral oscillation 1s very short {of
the order of 3 sec for the hypothetical airplane).
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mhe effect of increasing Cn/cl on the amount of

control necessary to perform given bark maneuvers is shown
in figure 2, It will be noted that, the control moments of
f1gure Z{a) become infinite at the low values of Sf/SW

that correspond to impossible bank maneuvers, as pointed

out previously. Whereas increasing Cn/Cz to O effects

improvements in the curves, a further increase to 0.135
entirely eliminates tiue discontinuity of the curves in the
range covered.. It should e noted that the effects of
variations of vertical tail. area and dihedral are decreased
by increases in Gn/cl'

The coatrol forces being proportional to the control
moments anylied to tae airylane, figure 2 also indicates
a variation of control forces. The control forces are
therefore decreased by iacreases in vertical tail area and
by decreases in dihedral. Although increasing Cn/cl

indicates a decrease in applied rolling moment, the ap-
plied yawing moment , whea obtained by nlechan1cally GOU —
pling the ailerons ana tae rudder in proportion to cn/cz,

must be ¢onsidered in determining the control forces.

Thus the caanges i1 control. forces are not; necessarily pro-
portional to the c.anges In rolling moment caused by in-
creasing Cn/cl (fig. 2).

The effects of C,/C7 on the azimuth notion may be
determined from figure 3

., Increasing Cn/01 from -0.135
to 0,135 progressively produces better defined motions.
Simultaneous applicatioa of sufficient favorable yawing
wmoment with the rolling moment (fig. 3(c)) entirely elim-

inates any adverse neading.

It should also be noted that the change in heading
during tae interval of tine {of the order of 2 sec) im-
mediately following the application of control remains
small for relatively large vertical tail areas i1in figures
2(a) and 2(o) and for all vertical. tnil areas in figure
3(c). On the other hand, tune banking motions (fig. 1)
rapidly become large, Thus it is possible to perform a
relatively rapid bank maneuver with the ailerons without
appreciably changing the heading. Such a maneuver, for
instance, is desirable for correcting: a banked attitude

while landing,
—
fro %x:é
‘f,zzr::a‘\:ue A
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Figaire 4(2; is a cross plot of figure 3, showing the
variation of max‘mum adverse ﬂeadlng with vertical tail
area. Only one valae of dlihedral is considered Dbecause
of tae smali effects of dinmedral. Figure 4(2) indicates
that a2dverse heading is entirely eliminated by applying
control in the ratio Cn/CL >0.129 regard]ess of the
value of S5/Sy. For particular values of Sp. Sy, 20W-
ever, tiaere exist particular values of Cn/CL that pre-
vent any adverse heading. This variation of Gn/Cz with
S¢/8y 1s deternined by eymation (11) and ie shown on

figure 4(b). It isg f.dicated tnat taese optimum values
of Gn/cl are {ecreansed as sf/sw increases and as T
becomes larse.

The effect of chsnges in the controcl ratio C /Cl on

the sidesiiypiag moticnsg may be determined frowm figure 5.
Increasing 1/ from ~0.135 to 0.17%5 pregressively re~
tards the rate of incrcecase of sideslip for 2ll combinae-

tiong of tie varcwmeters corsidered. It 1s indicated that,
with smal’ valaes of Sp/sw, large angles of sideslip are

lizely to exist during lateral mansuvers performed by con-
ve1tvioral aileror control,

Lateral Motions Due to Applied Yawing Mcment

The effects of chanses in @ihedral and vertical tail
area on the lateral motions resulting from apn.ied yawing
moment, such as wmigut be obtained by rudder deflections,
are indicated ir figure o. In general, it should dbe
rioted. that all the lateral motions of figure 5, determined
by equations (12), {13}, and (14), are erratic, indicating
#sloppy" marsuvering if an attempt is made to alter the
flight path by means of the rudder.

Figure 6{a) indicates that increasing vertical tail
area decreases the magnitude of tae banking motions and
thereby 1ncreases the magnitude of the applied yawing mo-
ment necessary for verforming a given bank maneuver. In-
creasing vertical tail, area also produces motions that
deviate greatly from a linear variation nith time. Figure
6(a) also indicates tnat increasing dihedral increases the
magnitude of the banking wotions and causes a more linear
increase of bank angle with time. Figure 6(b) shows that



18

the magnitude of the azimuth motion is decreased by in-
creasces in vartical tais area. Azimtth notions that vary
irregularly with time axe also produced, Incressing di-
hedral (fig. 6(b); has small effects on the azimuth motion,
the character of the motion being defined essentially by
vertical tail area.

Very ofter if 1s desired to cuange the heading with-
out appreciadly alterins the argle of bar-k, as wiaen the
airplane is being alined with a runvay. This maneuver is
usually saccomplisned by means of the rudder, and the ef-
fectiveness of tae rudde% for this purpose may be obtained
from figures of(a) and %{1). The rudder becomes more ef-
fective as the ratio of the azimutia notion to the bhanking
motion becomes large. Dividing w,cn by ¢/Cn at the

irstant when S = 5 ghows, approximately, a veriation i1n
the ratio from 3.75 to 1.75 with decreases in dihedral
from 10° to 0% and, little or no variation with changes in
vertical. tail area in “He range covered, The same varia-
tion, althougk of different meagaitude, exists when s = 10,
It is therefore importaunt, for this maneuver, that tbe di-
hedral angle be zept small,

The sideslin as shown by figvre 6{e¢) is negative
(that is, tae alrplane skids) 1nmud1a+e]y following the
ay;llcdt on of positive yawing moment and bscomes positive
only after an avngreciable interval of tfme, that is, ap-
proximetely 4 seconds or more. The effect of inecreasing
vertical tail area is to decrease the magnitude of the
skid. Tue sideslip during a given maneuver, however, 1S
not aprreciadly eltered because a correspondingly in-
creased yawing moment must be aprlied in order to perform
sucld a maneuver.

Increasing dihedral (fig. 6(c)) increases the erratic
nature of the sidesliyping motion and reduces 1ts magni-
tude,

Tne motions due to aprlied yawing moment as a whole
indicaete that virtually no combination of vertical tail
area and dihedral 1n the range covered allows well-executed
lateral maneuvers with the rudder, One exception, however,
is a maneuver involving intentional sideslipping, for which
the rudder 1s an effective control, psrticularly with small
dinedral, For maneuvering, then, the principal uses of the
rudder are to enforce sideslip and to supply secondary as-
sis%hance during aileron-controlled maneuvers.
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CONCLUSIONS

The results of tuis thesretical analysis may be summed
up in the following corcliusions:

1. Tae wotions initiated by aileron control indicated
trat desirabie flying ovalities are associated with con~
sideratle vertical tat? area. B3Bupplementary control by
means of the rudder or ailerons =ith iuherent favorable
vawin, foment of the order cf oane- eighth the rolling mo-
mert allows i red ctionn in verticel tail area.

tne airplane is controlled predominantly by
tie ailerons, the effective dited.al slould be as small
ag wil. be wermitted oy otasr a2riterions. 4ile~on control
forces ray ve gabstaatially reduced by increasiag veritical
tail area 7 en tne directionzl stebility is small.

3. Rucfder convrol alone is unsatisfactory for obtein-
ing satisfactory latersl maveuw ers that involve bvanking
and crengii of cerse. Tuas pri-cipa’ uses of the rudder
are to enforce silesliz aand to s3 y;leuert the allerons
and, for t.is co~ditior, dikedral shoald be kept small.

4, Dauwping of t.e lateral oscillation with resvect
to eyc.es swould wot be cousidered indicative of lateral
flyias characterisiiies.

5. For favorabie latersl fiying characteristics,
the watio of tne megnitudes of the vericdic to the aperi-
odic modes of the lateral motion must be kept small. This
relatior 1is 2rparently accomplished when the period of the
lateral oscillation is very snorit (of the order of 3 sec
for tue nypothetical airplane).

Langley lemorial aeronautical Laborateory,
Tatloaal alvisory Coamittee .0r Aeronautics,
Langley Pield, Va .
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